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(54) Sheet feed shaft, apparatus for manufacturing same and method for manufacturing same 



(57) A sheet such as paper or a hard film can be fed 
accurately in an intended direction while positively hold- 
ing the sheet merely by applying plastic processing to a 
peripheral surface of a metallic rod. 



A plurality of spike-like projections A, B risen at an 
obtuse angle, at an acute angle or at right angles in a 
rotatbnal direction of a metatlto rod 1 are formed on an 
inner peripheral surface of the metallic rod 1 by plastic 
processing. 
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Description 

This invention relates to a sheet feed shaft used for 
a paper feed in a printing machine, a printer for an office 
machine and the like, and for a sheet feed such as a film s 
in an overhead projector or the like. 

A feed roller made of rubber has been widely used 
for a paper feed in a printer for an office machine. This 
tends to cause an unevenness in hardness of rubber, 
roundness, and concentricity with a shaft. Accordingly, 
in the case where multicolor printing is carried out by 
repeating the paper feed as in a color printing, a color 
deviation sometimes occurs due to the feed speed of 
paper and the deformation, and there occurs an incon- 
venience of unavoidably involving a change in qualty 
and deformation caused by the wear of the feed roller. 

On the other hand, there is disclosed, for example, 
in Japanese Patent l-aid-Open No. Hei 7 (1995) - 
267396, a sheet feed shaft in whrch a metallic roller as 
a feed roller is integrally provided on a metallic shaft, a 
nickel plated layer is applied thereto, and after that a 
sand blast processing is applied to the nickel plated lay- 
er of the metallic roller to make the surface a roughened 
surface. 

According to the aforementioned publication, the 
roundness of the metallic roller can be secured and 
there occurs no wear or deformation. This can be there- 
fore used as a multicolor roller. 

However, in the conventional sheet feed shaft as 
described, since a number of hard small projections 
made of metal are formed on the surface of the feed 
roller, paper or sheets in contact therewith can be fed 
with high frictional resistance and, in addition, the feed- 
ing can be secured for a relatively long period. However, 
since the small projections are relatively fine, there pas- 
es a problem in that dust stays between the small pio- 
jectbns, and wear gradually progresses due to the feed 
operation so that the surface of the roller is gradualy 
changed into a smooth surface, making it unusable. 

Particularly, in the case where a sheet to be fed is 
a relatively hard film used in an overhead projector, 
there poses a problem in that the wear of the roller sur- 
face is particularly remarkable and cannot be fit for use 
for a long period of time, as a result of which the film 
cannot be arranged in an accurate position (on a lig|it 
illuminating surface) so that a projected image is in- 
clined. 

There is a further problem in that the necessity to 
form a nickel plated layer or to apply a surface roug)h- 
ening by sand blast in order to form small projections on 
the metallic roller increases the number of processes 
and increases the cost of products accordingly. 

There is a need to address the above problems. An 
aim of this invention is to provide a sheet feed shaft, 
which can. merely by plastic processing with respect to 
the peripheral surface of a metallic rod, feed paper or a 
sheet such as a hard film in an intended direction whie 
maintaining an accurate position thereof. 



It is a further aim of this invention to provide an ap- 
paratus for manufacturing a sheet feed shaft which can 
manufacture, at a low cost, a sheet feed shaft having 
spike-like projections with high feed or film feed effect 
by the use of a simple perforating means. 

It is another aim of this invention to provide a meth- 
od for manufacturing a sheet feed shaft in which a 
number of spike-like projections with high feed or film 
feed effect are fomned at a time on the outer periphery 
of a metallic rod quickly and simply by the perforating 
processing making use of a press. 

According to the present invention, there is provkled 
a sheet feed shaft in which a plurality of spike-like pro- 
jections which rise at an obtuse angle, at an acute angle 
or at right angles in a rotational direction of a metallic 
rod are formed by plastic processing on the circumfer- 
ential surface of the metallic rod, said projections being 
provided in the entire axial direction or in plural areas of 
the metallic rod. 

The apparatus for manufacturing a sheet feed shaft 
according to the present invention comprises a support 
bed for supporting a metallic rod, and a punch unit ar- 
ranged opposite to the support bed to be reciprocated 
by a press, wherein a pair of perforating members hav- 
ing perforating edges formed on faces upposed to each 
other are mounted detachably on the punch unit. 

Further, a method for manufacturing a sheet feed 
shaft according to the present invention comprises: sup- 
porting a metallic rod on a support bed, and simultane- 
ously applying a perforating processing to two portbns 
in which peripheral surfaces of the metalic rod are op- 
posed by a perforating member formed with perforating 
edges on faces opposed to each other to form a plurality 
of spike-like projectbns whose rising directions are con- 
trary to each other. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing a sheet feed 
shaft according to an embodiment of the present in- 
vention; 

FIG. 2 is a perspective view showing a projection 

shape in FIG. 1 on an enlarged scale; 

FIG. 3 is a perspective view showing the projection 

shape in FIG. 1 on an enlarged scale; 

FIG. 4 is a side view of the projection shape in FIG. 

1 as viewed in a direction of arrow P; 

FIG, 5 is a plan view of the projection shape In FIG. 

1 as viewed in a direction of arrow Q; 

FIG. 6 is a side view of a further projection shape 

in FIG. 1 as viewed in a direction of arrow P; 

FIG. 7 is a plan view of the further projection shape 

in FIG. 1 as viewed in a direction of arrow Q; 

FIG. 8 is a perspective view showing an apparatus 

for nnanufacturing a sheet feed shaft according to 

this inventran; 

Fig. 9 is a perspective view showing a perforating 
member. 
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FIG. 1 0 is a side view showing the perforating mem- 
ber shown in FIG. 9; 

FIG. 11 Is a lower view showing an example of ar- 
rangement of the perforating member shown in FIG. 
8; 5 
FIG. 1 2 shows a first step of forming a projection by 
a perforating edge in FIG. 3; 
FIG. 1 3 shows a second step of forming a projection 
by the perforating edge in FIG. 3; 
FIG. 14 shows a third step of forming a projection io 
by the perforating edge in FIG. 3; 
FIG. 15 shows a fourth step of forming a projection 
by the perforating edge in FIG. 3; 
FIG. 1 6 shows a fifth step of forming a projection by 
the perforating edge in FIG. 3; is 
FIG. 17 shows a sixth step of forming a projection 
by the perforating edge in FIG. 3; 
FIG. 18 shows a seventh step of forming a projec- 
tion by the perforating edge in FIG. 3; 
FiG. 19 shows an eighth step of forming a projection 20 
by the perforating edge in FIG. 3; 
FIG. 20 shows a ninth step of forming a projection 
by the perforating edge in FIG. 3; 
FIG. 21 shows a final step of forming a projection 
by the perforating edge in FIG. 3; 2S 
FIG. 22 is a front sectional view showing an exam- 
ple of arrangement of the projections formed by the 
steps shown in FIGS. 12 to 21 ; 
FIG. 23 is a side sectional view showing an example 
of arrangement of the projections formed by the 30 
steps shown in FIGS. 12 to 22; 
FIG. 24 is a sectional view showing a perforating 
edge of a perforating member according to this in- 
vention; 

FiG. 25 is a sectional view showing a perforating 35 
edge of a perforating member according to this in- 
vention; 

FIG. 26 is a sectional view showing a perforating 
edge of a perforating member according to this in- 
ventbn; 40 
FIG. 27 is a sectional view showing a perforating 
edge of a perforating member according to this in- 
vention; 

FIG. 28 is a sectional view showing a projection 
shape corresponding to FIG. 24;FIG. 29 is a sec- 45 
tional view showing a projection shape correspond- 
ing to FIG. 25; 

FIG. 30 is a sectional view showing a projection 
shape corresponding to FIG. 26; FIG. 31 is a sec- 
tional view showing a projection shape correspond- so 
ing to FIG. 27; 

FIG. 32 is a sectional view showing a further perfo- 
rating edge of a perforating member according to 
this invention; 

FIG. 33 is a sectional view showing a projection 55 
shape corresponding to FIG. 32; 
FIG. 34 is a sectional view showing another perfo- 
rating edge pf a perforating member according to 



this inventton; 

FIG. 35 is a sectional view showing a projection 
shape corresponding to FIG. 34; 
FIG. 36 is a partly enlarged development view 
showing an arranging pattern of projections provid- 
ed on a metallic rod according to this invention; 
FIG. 37 is a partly enlarged development view 
showing a further arranging pattern of projections 
provided on a metallic rod according to this inven- 
tion; 

FIG. 38 is a partly enlarged development view 
showing another arranging pattern of projections 
provided on a metallic rod according to this inven- 
tion; 

FIG. 39 Is a partly enlarged development view 
showing still another arranging pattern of projec- 
tions provided on a metallic rod according to this 
invention; 

FIG. 40 is a partly enlarged development view 
showing further another arranging pattern of projec- 
tions provided on a metallic rod according to this 
invention; 

FIG. 41 is a partly enlarged development view 
showing further still another arranging pattern of 
projections provided on a metallic rod according to 
this invention; 

FIG. 42 is a partly enlarged development view 
showing further still another arranging pattern of 
projections provided on a metallic rod according to 

this invention; 

FIG. 43 is a front view of the sheet feed shaft ac- 
cording to one embodiment of the present invention 
and a partly enlarged development view of the pro- 
jections; and 

FIG. 44 is a dimension view of parts of the projection 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One embodiment of this invention will be explained 
hereinafter. FIG. 1 is a perspective view showing a prin- 
cipal part of a paper feed apparatus having a sheet feed 
shaft according to the present invention. In FIG. 1 , sym- 
bol S designates a sheet feed shaft formed from a me- 
tallic rod 1 , and numeral 2 designates a feed roller made 
of hard rubber for holding a film or paper 3 to be fed 
between it and the sheet feed shaft S. The sheet feed 
shaft S is provided with projections A and B in a plurality 
of separated areas, said projections being formed by a 
width R in an axial direction while providing a spacing 
T. The spacing T is a portion of a collar and hush which 
support the shaft S during the processing of the projec- 
tions, but the spacing T may not be provided. 

As shown In FIGS. 2 and 3 on an enlarged scale, 
the metallic rod 1 has a plurality of spike-like projections 
A and B which are risen at an obtuse angle in a rotational 
direction of the metallic rod 1, penpheraily and axially 
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formed by plastic prcx;essing on the circumference 
whose full length Is divided into plural areas. The surface 
of the metallic rod 1 is subjected to plating processing 
for 1 to 20 )i of film thickness and quenching process 
such as tuft-ride over 1 to 300 of depth to enhance the 
durability. 

The spike-like projections A and B are suitably pro- 
vided on the entirety of the metallic rod 1 but may be 
arranged alternately axially and circumferentially on the 
peripheral surface of the metallic rod 1 . 

The spike-like projections A and B are formed in the 
shape of spikes such that they rise at an obtuse angle 
in a rotational direction of the metallic rod 1 and in a 
direction opposite to each other by a perforating edge 
described later. 

Accordingly, the projections A and B adjacent to 
each other in the circumferential direction on the circum- 
ferential surface are reverse to each other in a rising 
direction. 

Further, In the case where the perforating edge is 
cut relatively shallow into the metallic rod 1 with set width 
widened, the proximal end of the projection A is so thin 
that it tends to be bended outward. Therefore, the pro- 
jection A as viewed from arrows P and Q in FIG. 2 will 
be a spike-like projection which rises long at right angles 
to or at an obtuse angle to the rotational direction of the 
metallic rod 1 as shown in FIGS. 6 and 7. 

On the other hand, in the case where the perforating 
member is cut in deeply with the set width narrowed, the 
proximal end of the projectfon A is hard to be bended, 
so that the length projected outward is short to provide 
a short projection A as shown in FIGS, 4 and 5. In this 
way, the height of the projection A is selected to 20 to 
150 ^m. The same may be said of the projection B. 

The sheet feed shaft constructed as described 
above positively catches both a relatively soft printing 
sheet as well as a relatively hard film used for an over- 
head projector even in all directions of the metallic rod 
1 along with the sharply pointed projections A and B 
formed on the outer periphery of the metallic rod 1 to 
feed them in a set direction smoothly and to a set posi- 
tion properly by the cooperative operation with the feed 
roller 2. 

Further, the erecting height of the projections A and 
B can be set freely and accurately, which is materially 
high as compared with the conventional sand blast. The 
projections A and B are not easily wom, and the positive 
feeding can be realized for a long period of years. 

Accordingly, if this is utilized for a multiple color 
printing, the multiple color printing with beautiful colors 
without deviatton in cotor can be realized without occur- 
ring deformation in paper or films semipenmanently. 

FIG. 8 is a perspective view showing an apparatus 
for manufacturing a sheet feed shaft according to this 
invention. In FIG. 8, numeral 11 designates a base, 12 
a V block as a support bed installed on the base 11 , and 
13 a lifter for lifting, from the top of the V block 12. the 
metallic rod 1 as a processing material supported on the 



V block 12. 

Numeral 14 designates a resinous collar wound 
around the metallic rod 1 to avoid the direct contact 
thereof with the lifter 1 3, and 1 5 a material removing 
s frame stood upright on the base 11 to prevent the proc- 
essed metallic nod from being lifted while being bited at 
the perforating edge of a punch. 

Further, numeral 16 designates a holding bush for 
supporting one end of the metallic rod 1 . A split gear 1 7, 
which is integrally mounted on the holding bush 16, is 
meshed with a drive gear 19 of a stepping motor 18. 
Numeral 20 designates a screw for securing the holding 
bush 16 to the metallic rod 1 . 

Numeral 21 designates a detent member which re- 
ceives a power of an air cylinder or the like so that an 
extreme end thereof is engaged with the split gear 17. 
Numeral 22 designates a multipoint locating motor cyl- 
inder whose extreme end is placed in contact with the 
end of the metaBic rod 1 through a magnet tip 23. 

Numeral 24 designates a punch unit lifted and low- 
ered by a press. A pair of perforating members 25. 26 
are secured to the punch unit 24 by means of a fastener 
(boll, nut or the like) 27. 

Accordingly, if any size of the punch unit 24 is se- 
lected, a mounting spacing between the perforating 
members 25 and 26 can be suitably set whereby a 
depth, an angle and a shape of the perforating edge can 
be suitably set. 

The perforating members 25, 26 are longitudinally 
formed in one surfaces opposed to each other with a 
plurality of perfoiating edges 28, for example, as shown 
In FIGS. 9 and 10. The perforating edges 28, 28 of the 
perforating members 25, 26 are disposed while being 
deviated, for example, in a lateral direction by one pitch 
of each edge, that is, in an axial direction of the metallic 
rod 1 , by fixing the perforating members 25, 26 deviated. 
Numeral 29 designates an insert hole of the fastener 27. 

In the present embodiment, a rake angle 0 of 2** to 
1 0* from the edge is set so that the projections A and B 
have a sharp end shape. With this, the processing pres- 
sure can be relieved, and the sufficient spike-like pro- 
jections A and B can be obtained with less cutting. 

Further, the perforating members 25, 26 are op- 
posed to each other as shown in FIG. 11 while maintain- 
ing a spacing calculated in advance corresponding to 
the dimension of an outside diameter of the metallic rod 
1, and the perfoiating edges 28 opposed to each other 
are arranged with a positran deviated by X/2, that is. half 
of one angular pitch X, for example. 

In manufacturing a sheet feed shaft using the ap- 
paratus for manufacturing a sheet feed shaft, first, the 
metallic rod 1 is an^anged on the V block 1 2 so that when 
the punch unit 24 is moved upward, the resinous collar 
14 and the holding bush 16 are supported on the lifter 
13. 

At this time, the lifter 13 is raised by 2 to 3 mm by 
means of a spring (not shown) to thereby avoid interfer- 
ence of a processed part with the V block 1 2 by the mo- 
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tor cylinder 22 when moving in an axial direction. 

Next, the extreme end of the detent member 21 is 
released from engagement through the split gear 17. 
The position for processing the metallic rod 1 Is located, 
for example, by rotating the stepping motor 18. When 
the position Is determined, the holding bush 16 Is locked 
to the metallk: rod 1 by the screw 20. and the extreme 
end of the detent member 21 Is brought into engage- 
ment with the gear 17. 

Next, the punch unit 24 at the top dead center is 
moved down in a direction of arrow in FIG. 8. and the 
perforating edges 28 of the perforating members 25, 26 
are cut into the position opposite to the peripheral sur- 
face of the metallic rod 1 . 

By this cutting, the spike-like projections A and B 
opposite to each other are erected to the equal height 
at an angle of 90° or an angle In excess thereof, as 
shown in FIGS. 2 and 3. 

After the projections A and B have been formed row 
by row, the biting of the perforating edge 28 into the me- 
tallic rod 1 is released with the help of the material re- 
moving frame 15, and the punch unit 24 is moved up to 
the top dead center. 

Thereafter, the detent member 21 is again released 
from engagement through the split gear 17. The step- 
ping motor 18 is rotated through a predetermined angle, 
and the split gear 17 engaged with the drive gear 19 is 
likewise rotated through a predetermined angle to 
change a rotation support position of the metallic rod 1. 

After the rotational position of the metallic rod 1 has 
been determined, the rotational position of the split gear 
17 is again locked by the split member 17. The perfo- 
rating members 25, 26 are nrroved down by the operation 
of the punch unit 24, and the projections A and B are 
formed on the row adjacent to the circumferential direc- 
tion of the projectbns A and B of each row formed pre- 
viously. 

The operation described above Is sequentially re- 
peated, so that the metallic rod 1 is rotated once to com- 
plete the processing. At this time, the projectbns A ami 
B for the width R in FIG. 1 may be formed at a time by 
the size of the punch unit 24, or may be processed by 
a few steps with the punch unit 24 deviated in an axial 
direction. In this case, the position, the direction, the an- 
gle and the height of the projections A and B within the 
width R can be combined in various pattems by process- 
ing the punch unit 24. 

Fl GS. 1 2 to 21 show the step of forming the projec- 
tions A and B as described above by the perforating edg- 
es 28 in two perforating members 25 and 26, FIG, 12 
showing the state before forming the projections A and 
B. The projections A and B are cut by the processing of 
the punch unit 24 as shown In FIG. 1 3 to form the pro- 
jections A and B of each row as shown in FIG. 14. 

At this time, the punch unit 24 is moved up, and the 
split gear 17 is rotated by a predetermined amount by 
the stepping motor 18 to rotate the metallic rod 1 by the 
same amount in the same directbn as shown in FIG. 15. 



The split gear 17 is stopped in rotation, that is, 
locked, and the punch unit 24 is moved down as shown 
in RG. 12, and other projections A and B are formed on 
the metallic rod 1 so as to be adjacent to two rows of the 
5 projections A and B. as shown in FIGS. 16 and 17. 

The above operatbn is sequentially repeated, so 
that the metallic rod 1 is rotated once from the state 
shown In FIGS. 18 and 19 to complete the first process- 
ing. 

10 Then, when the above operation is again continued, 
the perforating edge 28 of the perforating members 25, 
26 is moved between the projections A and B foniied by 
the first processing, and the projections A and B different 
in rising directfon from each other as shown in FIG. 20 

IS are fomned so as to be adjacent to each other in the cir- 
cumferential direction as shown in FIG. 21 in each spac- 
ing. 

In the final step shown in FIG. 21, the step Is re- 
turned to the processing start point after rotation by one 

20 tooth, and the metallic rod 1 is fed to the next processing 
posftion by the multipoint locating motor cylinder 22. 

FIGS. 22 and 23 show an example of arrangement 
of the projections formed as described above, in whk:h 
one projection A different in rising direction is forward 

25 one and the other projection B Is reverse one. 

FIGS. 24 to 28 show in section the edge shape of 
the perforating edges of the perforating members 25 
and 26 used in the apparatus for manufacturing the 
sheet feed shaft. FIGS. 28 to 31 shows in axial section 

30 the shape of the projections subjected to plastic 
processing on the metallic rod 1 according to the shape 
of the edges. 

That is, when all the perforating edges 31 a In FIG. 
24 are triangular whose shape and size are equal, pro- 

3S jections 32a which have the same shape and whose end 
is circular as shown In FIG. 28 are subjected to plastic 
processing. This edge shape is suitable for feeding a 
sheet such as a relatively hard film. In triangular perfo- 
rating edges 31b, 31c alternately different in projecting 

40 length as shown in FIG. 25, projecttons 32b, 32c whose 
end is circular and alternately different in projecting 
length are formed as shown In FIG. 29. 

In a row of triangular perforating edges 31 d whose 
projecting length changes in concave configuration in 

4S which the perforating edges ananged in parallel are 
smoothly cun^ed as a whole as shown in FIG. 26. a row 
of projections 32d whose end is circular and lengths are 
different and projecting length changes in concave cir- 
cular configuration as a whole is formed as shown in 

so FIG. 30. 

In a row of triangular perforating edges 31 e whose 
projecting length changes in convex configuration in 
which the perforating edges arranged in parallel are 
smoothly cun^ed as a whole, as shown in FIG. 27, a row 
ss of projections 32e whose end is circular and projecting 
length changes in convex circular configuration as a 
whole is formed, as shown in FIG. 31. 

In perforating edges 31 b, 31 c and perforating edges 
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31 d, 31 e shown in FIGS. 25 and 26, respectively, these 
are effective for feeding in the case where sheets to be 
fed are in a predetermined concavo-convex pattern or 
a circular pattern and different in thickness, and can be 
also used for a frictional rotating operation of a drum- 
like member having such patterns as described. 

FIG. 32 shows a plurality of perforating edges 31f 
which are the same in shape and size and are trapezoi- 
dal. In such perforating edges 31 f , projections 32f which 
are in the form of a circular edge whose end is gentle 
and have the same length are subjected to plastic 
processing as shown in FIG. 33. 

The projections 32f are suitable for sheets to be fed 
which are made of soft material to prevent the edge from 
being strongly bited into the sheet to scratch it. 

tn trapezoidal perforating edges 31 f as shown in 
FIG. 32, the projecting lengths may be alternately differ- 
entiated or changed into a wholly curved concave or 
convex configuration as in the embodiment previously 
described, thereby being applicable to the sheet feed 
for special uses. 

FIG. 34 shows a plurality of perforating edges 31 g 
whose shape and size are the same and whrch are sub- 
stantially oval adjacent to each other. In the perforating 
edges 31 g, projections 32g whose end is substantially 
semicircular as shown in FIG. 35 are subjected to plastic 
processing and the projections 32g come in point con- 
tact with a sheet, thus being effective for feeding a hard 
film. 

Also in the perforating edges 31 g as shown in FIG. 
34, the projecting lengths may be alternately differenti- 
ated or changed into a wholly curved concave or convex 
configuration as in the embodiment previously de- 
scribed, thereby being applicable to the sheet feed for 
special uses. 

FIG. 36 is a partly enlarged development view 
showing a basic arranging pattern of the projectkxis A 
and B formed on the metallic rod 1 by the use of the 
perforating members 25, 26 In the punch unit 24 as de- 
scribed above. In this case, the projections A and B are 
fomried with the perforating edges 28 of the perforating 
members 25 and 26 opposed to each other deviated 
mutually half of one angular pitch, and they are al the 
same in shape and size. Here, the projections A and B 
formed by the perforating edges 28 of the perforating 
members 25 and 26 are orderly provided on one and 
the same axis over plural rows, and the projections A 
and B of each row are orderiy arranged in the circum- 
ferential direction. The directions of the rows of projec- 
tions A and B adjacent to each other are opposed to 
each other. 

By using the metallic rod 1 having the projectnns A 
and B as described above, since all the projectksns A 
and B arranged oppositely on one and the same axis 
are bited Into a relatively soft film or paper 3. they can 
be fed in both normal and reverse directions while being 
held between the projections and the feed roller 2, re- 
sulting in providing a powerful carrying force. 



FIG. 37 shows the state in which each row of pro- 
jections A and B as shown in FIG. 36 are provided in the 
circumferential direction so as to be deviated by half 
pitch, for example. Also in this case, it is effective for 

s feeding the relatively soft paper 3 in the reciprocating 
direction, as described above, and feed scratches on 
the horizontal line in the surface of the paper 3 can be 
reduced for a portion reduced In number of the projec- 
tions on one and the same axis as compared with the 

10 pattern of FIG. 11. 

Further, in FIG. 38, only the projections A of the 
same shape and size are provided orderly on the same 
axis and on the same circumferential edge over the en- 
tire peripheral surface of the metallic rod 1 . In this case. 

^5 all the projections A are erected in the form of spikes by 
one perforating edge 28 of the perforating members 25, 
26. Therefore, the rows of projections A adjacent to each 
other are formed to be directed in the same direction. 
In the metallic rod 1 having only the projections A, 

20 since ail the projections are directed in the same direc- 
tion, it is effective for the case where the paper 3 held 
between the pro]ectk>ns and the feed roller 2 is fed pow- 
erfully only in one direction to provide a monocolor print- 
ing. In this case, it is not necessary to consider a mutual 

25 deviation (pitch) between the perforating edges 28 of the 
opposed perforating members 25 and 26, and the oper- 
ation of forming the projections A can be carried out sim- 
ply and quickly. The same may be sakJ of the case where 
the projections B are used in place of the projections A. 

30 FIG. 39 shows another embodinnent of this inven- 
tion. In this embodiment, the projections A which are low 
in height shown in FIGS. 4 and 5 are used, and the pro- 
jections B which are high in height shown in FIGS. 6 and 
7 are used. In each row of projections A and B, positions 

3S thereof are arranged in order in the axial direction and 
in the circumferential direction, and there is a difference 
in height between the projections A arxJ B. In this case, 
there is a difference in carrying force between the nor- 
mal direction and the reverse direction. However, the 

^ high projections B first stick in the paper 3 during the 
carriage, so that the number of projections per unit is 
less suspected ly. The projectbns are bited deeply and 
powerfully even under the same pressure whereby a 
powerful carrying force Is created even in a material 
which is hard to stick such as a film for a projector. When 
high projections and tow projections are dispersed, the 
high projections first stick in the film, and finally the tow 
projectkxis stk:k in or the surface of the film is supported 
to stabilize the film, thus preventing the occurrence of 

so creases or rents of the film. Further, since the number 
of both high and k)w projections renriains unchanged, 
the merit of that same basic pattern as that of FIG. 36 
is provided. It is noted.that the projections A or 8 having 
a difference in height may be directed in the same di- 
ss rection as in the pattern shown in FIGL 38. 

On the other hand, in FIG, 40, the rows of projec- 
tions A and B shown in FIG. 39 are deviated in positk)n 
by half pitch, for example. Also in this case, the feeding 
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of paper 3 can be carried out positively and smoothly in 
a similar manner to the above. Further, the configuration 
shown in FIGS. 39 and 40 is effective for uses in which 
in one direction of reciprocation, the paper 3 is fed by a 
powerful force, while In the other direction thereof, the 
paper 3 is fed by a weak force. 

FIG. 41 shows another embodiment of this Inven- 
tion. In this embodiment, two kinds of high and low pro- 
jections A and B are arranged in plural rows in the same 
circumferential direction and in the same axial direction 
of the metallic rod 1 , and the high projections A and B 
and the low projections A and B adjacent to each other 
are taken as one group, and a plurality of groups are 
alternately arranged. 

In this case, effects of both the basic pattern of FIG. 
36 and the pattem having a difference in height of FIG. 
39 are obtained. 

In FIG. 42, the projections A and B in each group 
shown in FIG. 41 are arranged to be deviated in position 
in the circumferential direction. In this case, also, the 
operation and effect similar to that shown in FIGS. 37 
and FIG. 41. are provided. 

In this Invention, the projections A and B are pro- 
vided separately on a plurality of areas, as shown in FIG. 
1 . at the spacing T in the axial direction of the metallic 
rod 1 . More specifically, the axial width R In each area 
is 5 to 100 mm, and the spacing T Is 5 to 300 mm. The 
spacing T may not be provided. 

FIG. 43 shows a feed shaft S according to another 
embodiment. 

As shown in FIG. 43 (a), the sheet feed shaft S com- 
prises a metallic rod 1 , and projections A and B formed 
on the outer periphery of five parts R1 , R2, R3. R4 and 
R5 on the outer periphery of the rod 1 . The projections 
A and B in a basic pattern shown in FIG. 11 are formed 
on the outer periphery of the five parts R1, R2. R3, R4 
and R5 as shown in a partly enlarged development view 
of FIG. 18 (b). In this case, the projections A and B at 
the part R2 are formed with respect to the projections A 
and B at the part R1 while being deviated at a suitable 
angle, for example, at an index angle of 1/4 in the cir- 
cumferential direction. The projections A and B at the 
part R3 and at the part R4 are likewise deviated in po- 
sition in the circumferential direction by the same angle, 
and the projections A and B at the part R5 are formed 
on the same axis as the projections A and B at the first 
part R1. Therefore, even if the rod 1 should be rotated 
by the half pitch, the projections A and B at any of parts 
would be bited In the film or paper 3 without fall. For 
example, the projections A or B at the parts R2 and R4 
are positioned on an imaginary line P of FIG. 43 (b). For 
example, in normal rotation, the projections A at the part 
R2 are bited into the paper 3 to feed it, and in reverse 
rotation, the paper 3 is can be fed by the projections B 
at the part 4. 

That is, the sheet feed shaft 8 according to the em- 
bodiment shown in FIG. 43 is processed with a circum- 
ferential process start positbn deviated little by little 



when the projections A and B are fonmed, so that the 
projections A and B are present unifomnly on the surface 
of the rod 1 . At the initial stage of feeding paper or film, 
that is. at the time of so-called Initial sucking, the pro- 
s jections A or B at any of the parts R1 . R2. R3, R4 and 
R5 come in contact with the end of paper or film to en- 
able the stabilized sucking of paper. 

FIG. 44 shows one example of detailed dimensions 
of the projections A and B. Here, the end width L is 10 
10 to 500 ^im, the end thickness M is 1 to 300 ^m, the prox- 
imal width N Is 0.2 to 5.0 mm, and the height is 20 to 
150 |im. 

The proximal width. N is the value employed in the 
practical range used for machines on scale of a printer, 
a scanner or the like. 

The circumferential spacing between the projec- 
tions is determined according to the number of divisions 
by a combination of the diameter and the height of the 
projections. For example, when the diameter Is 10 mm. 
the height of the projections Is 40 to 90 |im, and the dis- 
tance (peripheral length) of 50 to 100 equally divided is 
approximately 0.6 to 0.3 mm. 

The width R of each group of projecttons (process- 
ing portion) on the metallic rod 1 as a shaft is 5 to 100 
mm in the practical range used for machines on scale 
of a printer or a scanner as shown In FIG. 1 depending 
on the width of the perforating edges 28. The group of 
projections secures 5 to 300 mm or more of the spacing 
T to obtain the number of projections proportional to the 
axial length and the width R of the group of projections 
which is the processing width. 

The above embodiments have the following char- 
acteristics: 

(1) A plurality of spike-like projections risen at an 
obtuse angle or at an acute angle or at right angles 
in the rotational direction of a metallic rod are sep- 
arately provided In a plurality of areas in the axial 
direction of the metallic rod. Therefore, sheets such 
as paper or hard films can be accurately fed in an 
Intended direction while maintaining an accurate 
positton merely by plastic processing applied to the 
peripheral surface of the metallic rod. 

(2) Since the projectbns in each area are deviated 
in suitable angle, In the initial state of feeding paper 
or film, that is, in the so-called sucking, any of pro- 
jections come into contact with the end face of pa- 
per without fait. Therefore, the stable sucking is en- 
abled. 

(3) Plural rows of the projections are provided In the 
circumferential direction of the peripheral surface of 
the metallic rod. Therefore, sheets such as paper 
or hard films can be accurately fed in an Intended 
direction while maintaining an accurate position 
merely by plastic processing applied to the periph- 
eral surface of the metaltc rod. 

(4) Plural rows of the projections are provided in the 
circumferential direction of the peripheral surface of 
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the metallic rod, and the projections adjacent to 
each other are made as a group, a plurality of 
groups being provided alternately. Therefore, the 
form of the projections in each group is made to be 
the same, the processing number of projections by 
the perforating members is increased and the fomi 
Is varied to thereby realize the optimum feeding 
force and retuming force according to properties of 
paper, thus obtaining more excellent feeding effect. 

(5) The rows or groups of projections adjacent to 
each other are formed in the same direction. There- 
fore, the number of contact points with the paper 
surface is increased, so that the feeding in one di- 
rection can be positively carried out. 

(6) The rows or groups of projections adjacent to 
each other are formed in the direction opposed to 
each other. Therefore, the feeding and retuming in 
the reciprocating direction can be positively and 
smoothly carried out. 

(7) The rows or groups of projections adjacent to 
each other have a difference in height therebe- 
tween. Therefore, the high projections stick in a film 
or the like during the carriage, and even a film which 
Is hard to be stuck under the same pressure creates 
a powerful carrying force. 

(8) The rows or groups of projections adjacent to 
each other are arranged orderly in circumferential 
position. Therefore, sheets such as paper or hard 
films can be accurately fed in an intended direction 
while maintaining an accurate position. Further, ac- 
cording to the invention of claim 9, the rows or 
groups of projections adjacent to each other are de- 
viated in position in the circumferential direction. 
Therefore, any of projections stick in sheets such 
as paper or hard films without fait, and it is possible 
to accurately feed them in an intended direction 
while maintaining an accurate position. 

(9) In the projections, the end width is 1 0 to 500 jim, 
the end thickness is 1 to 300 ^im, and the proximal 
width is 0.2 to 5.0 mm. Therefore, the contact or 
catching with respect to paper or sheets can be suf- 
ficiently increased. Accordingly, It is possible to ac- 
curately feed sheets such as paper or hard films in 
an intended direction while maintaining an accurate 
position. 

(10) There are provided a support bed for support- 
ing a metallic rod and a punch unit driven for recip- 
rocation by a press arranged opposite to the sup- 
port bed whereby a pair of perforating members 
formed on the face side where perforating edges 
are opposed to each other are detachably mounted 
on the punch unit. Therefore, it is possible to man- 
ufacture at a low cost a sheet feed shaft having 
spike-like projections of high feed effect of paper or 
films by the use of a simple perforating means. 

(11) The metallic rod is supported on the support 
bed, two opposed portions of the peripheral surface 
of the metallic rod are simultaneously subjected to 



perforation processing by perforating mennbers 
formed on the surface opposite to each other with 
perforating edges to form a plurality of spike-like 
projections whose rising directions are opposed to 
each other. Therefore, it is possible to form a 
number of spike-like projections of high feed effect 
of paper or film on the outer periphery of the metallic 
rod at the same time quickly and simply by the per- 
forating processing making use of a press. 
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A sheet feed shaft in which a plurality of spike-like 
projections risen at an obtuse angle, at an acute an- 
gle or at right angles in a rotational direction of a 
metallk: rod are formed on a circumferential surface 
of the metallic rod by plastic processing. 

The sheet feed shaft according to claim 1 , wherein 
the projections are provided separately in a plurality 
of areas in an axial direction of the metallic rod. 

The sheet feed shaft according to claim 2, wherein 
positions of the projections in the plurality of areas 
are fomned white being deviated at a suitable angle 
in the circumferentia! dlrectbn. 

A sheet feed shaft in whtoh a plurality of spike-like 
projections risen at an obtuse angle, at an acute an- 
gle or at right angles in a rotational direction of a 
metallic rod are formed on a circumferential surface 
of the metallic rod by plastic processing, sakj pro- 
jections being provided over a plurality of rows in a 
circumferential direction of the circumferential sur- 
face of the metallic rod. 

A sheet feed shaft in which a plurality of spike-like 
projections risen at an obtuse angle, at an acute an- 
gle or at right angles in a rotational direction of a 
metallic rod are formed on a circumferential surface 
of the metallic rod by plastic processing, sakJ pro- 
jections being provided over a plurality of rows in a 
circumferential direction of the circumferential sur- 
face of the metallic rod. the plural rows of projec- 
tions adjacent to each other being made as one 
group, the plurality of groups being provided alter- 
nately. 

The sheet feed shaft according to claim 4 or 5, 
wherein the rows or groups of projections adjacent 
to each other are formed in the same direction. 

The sheet feed shaft according to claim 4 or 5. 
wherein the rows or groups of projections adjacent 
to each other are formed in the directions opposite 
to each other. 
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8. The sheet feed shaft according to claim 4 or 5, 
wherein the rows or groups of projections adjacent 
to each other have a difference in height. 

9. The sheet feed shaft according to claim 4 or 5, s 
wherein the rows or groups of projections adjacent 

to each other are arranged in position in the circum- 
ferential direction. 

10. The sheet feed shaft according to claim 3 or 4, io 
wherein the rows or groups of projections adjacent 

to each other are deviated in position in the circum- 
ferential direction. 

11. The sheet feed shaft according to any of claims 1 is 
to 7, wherein in the projections, the height is 20 to 

1 50 ^m, the end width is 1 0 to 500 urn. the end thick- 
ness is 1 to 300 fim, and the proximal width is 0.2 
to 5.0 mm. 

20 

12. An apparatus for manufacturing a sheet feed shaft 
comprising a support bed for supporting a metallic 
rod, and a punch unit arranged opposite to the sup- 
port bed and driven for reciprocation by a press, and 

a pair of perforating members detachably nnounted zs 
on said punch unit and having perforating edges 
formed on faces opposed to each other 

1 3. A method for manufacturing a sheet feed shaft com- 
prising: supporting a metallic rod on a support bed, so 
and simultaneously applying a perforating process 

to two portions in which peripheral surfaces of the 
metallic rod are opposed by perforating members 
formed with perforating edges on face sides op- 
posed to each other to form a plurality of spike-like 3S 
projections whose rising directions are opposite to 
each other. 
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(57) A sheet such as paper or a hard film can be fed 
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ing the sheet merely by applying plastic processing to a 
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A plurality of spike-like projections A, B risen at an 
obtuse angle, at an acute angle or at right angles In a 
rotational direction of a metallic rod 1 are formed on an 
inner peripheral surface of the metallic rod 1 by plastic 
processing. 
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The Search Dhnsfon oonsidert that the pretent European patent applicalion doet not comply wBh the 
rsqutrement* of unity of invention and relates to severai inventionB or groups of inventions, namely: 

1. Claims: 1-11 

Sheet feed shaft with spike- like projections 



2. Claims: 12,13 

Apparatus and method for manufacturing a sheet feed shaft . 



State of the art is JP08e86369. (Dl) 

The features of the claims 1-4 are known from 01. The special technical 
features {according to Rule 30 EPC) of subject 1 are 

"the plural rows of projections adjacent to each other being made as one 
group, the plurality of groups being provided alternatively." 

Thereby the problem that the fed paper is touched smoothly only and not 
damaged is solved. 

The special technical feature of subject 2 described in claim 12 is "a 
pair of perforating members detachably mounted on said punch unit and 
having perforating edges formed on faces opposed to each other." 

Thereby the problem of cheap and easy production of a sheet feed shaft is 
solved. 

The special technical features of subject 1 are not the same as the ones 
of subject 2. They are not corresponding either as they solve two 
different problems. 

Therefore the requirement of unity of the invention referred to in Art. 
82 EPC is not fulfilled. 
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